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Among  the  various  tests  applicable  for  the  purpose  of  identifying  the 
causative  agent  of  anthrax  (capsule  formation,  sensitivity  to  penicillin,  < 

character  of  growth  on  culture  media  end  others),  the  test  of  lysis  by  spe¬ 
cific  anthrax  phages  has  gained  in  importance  is  recent  years. 

Anthrax  phages  have  been  known  for  more  then  50  years  (Rozgcn;  Gama- 
leya  and  others),  but  only  in  1951  did  McCloy  obtain  a  highly  active  specif¬ 
ic  phage,  having  employed  an  original  method  of  isolating  it  free  lysogenic 
cultures  of  Bac.  cereus  and  used  an  asporogenic  culture  of  the  anthrax  mi¬ 
crobe  as  an  indicator  strain.  Since  then  various  authors  In  different  coun- 
j  tries  of  the  world,  on  using  McCloy's  method  and  strains  as  well  as  their 

own  culture  strains,  obtained  anthrax  phages  both  from  lysogenic  cultures 
|  and  from  the  soil  (Brown  and  Cherry,  1955;  Ivanovics  and  Lantos,  1958; 

|  Stamatln  and  Li  Van  Sob,  1959;  Gruz,  1962;  Meshcheryakov,  1962;  Larina  and 

Petrova,  1964  and  others). 

However,  the  authors  indicated  studied  chiefly  the  specificity  of 
action  of  the  phages  obtained  by  them  on  anthrax  cultures  and  spore-bearing 
aerobes.  Only  isolated  papers  are  known  in  which  the  study  of  the  biological 
and  antigenic  properties  of  anthrax  bacteriophages  was  carried  out  (Lantos 
end  coauthors,  1960;  Buck  and  coauthors,  1964;  Zemtsova,  1965). 

;  thus,  Lantos  and  coauthors  (1SC0)  studied  the  anthrax  bacteriophages 

,  obtained  by  them  from  the  soil  in  comparison  with  the  Me  Cloy  phage  and  pre¬ 

sented  the  first  classification  of  anthrax  bacteriophages.  Buck  and  co- 
I  authors  also  carried  out  similar  work  (1965),  but  these  phagos  proved  to  bo 

of  low  activity  as  regards  the  antigen  and  this  criterion,  which  is  funda¬ 
mental  for  classification,  was  sot  studied. 
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The  task  of  tho  present  article  was  tiie  comp  'rrtive  determination  of 
the  biological  antigenic  and  lytic  properties  of  anthrax  plv  gos,  both  Soviet 
and  foreign,  which  were  in  our  collection,  for  the  purpose  of  classification 
and  determination  of  thoir  specificity. 

Six  anthrax  bacteriophages  were  subjected  to  study:  BA-9  (Moldavian 
Institute  of  Epidemiology  end  Hygiene),  Saratov  (Saratov  Mikrob  Institute), 
Brown  and  Cherry  X  bacteriophage  (obtained  from  Prof.  Seidel),  McCloy  <*.C 
and  p  bacteriophages  (obtained  from  Prof.  Ivanovlcs)  and  L7  bacteriophage 
obtained  from  Prof.  Stamatln) . 

The  following  properties  of  the  bacteriophages  have  been  studied: 
the  morphology  of  the  negative  colonies,  heat  resistance,  antigenic  proper¬ 
ties  of  the  phages,  and  sensitivity  of  various  strains  of  anthrax  bacilli, 
and  spore-bearing  aerobes  to  the  baoteriophoges  studied.  Moreover  tho  pre¬ 
paration  of  optimal  culture  media  for  obtaining  high-titer  bacteriophages, 
the  selection  of  indicator  strains,  the  testing  of  various  immunization  sys¬ 
tems  for  obtaining  highly  active  antiphage  serums,  etc.  entered  into  the 
research  task. 

The  generally  known  methods  of  isolating  pure  lines  and  determining 
the  heat  resistance,  the  activity  of  antiphage  serums,  the  adsorption  of 
bacteriophages  and  the  phagosensitivity  of  the  strains  described  in  textbooks 
on  the  bacteriophage  (Adams,  1961}  Gol*dfafb,  1961:  Stent,  1965)  are  employed 
in  the  work. 

The  1.25  and  0.7  percent  agar  prepared  on  the  Hottinger  digester, 
which  contained  100  mg  percent  amino  nitrogen,  and  broth  with  pH  7.2-7 .4  pre¬ 
pared  on  the  same  basis  proved  to  be  optimum  for  obtaining  stable  foras  of 
negative  colonies  of  bacteriophages  and  high-titer  bacteriophages, 

Asporogenic  and  sporogenio  strains,  virulent  and  vaccine  strains  were 
used  as  indicator  cultures}  in  this  case  the  results  conforming  most  to  the 
pattern  were  obtained  with  the  Davis  strain  (Lie Cloy).  It  was  necessary  to 
renounce  the  use  of  sporogenio  cultures,  since  negative  colonies  of  these 
cultures  were  not  successfully  differentiated  by  morphology  —  they  had  var¬ 
ious  sizes  and  an  India tinot  configuration. 

The  bacteriophages  with  the  highest  titers,  which  contained  1*1010- 
1*10*1  corpuscles  per  ml,  were  obtained  on  solid  culture  media. 

C to  studying  the  BA-9  bacteriophage  on  the  Davis  indicator  strain 
three  pore  lines  were  isolated  from  the  original  phage.  The  phages  of  one 
line  formed  stable  negative  colonies  similar  in  morphology  to  the  j'  phage 
—  they  were  designated  as  BA-9*  phages.  The  fora  of  the  negative  colonies 
of  phages  of  the  second  line  was  similar  to  the  phage,  but  their  size 
did  not  exceed  one  ns}  the  phages  were  unstable,  constantly  formed  colonies 
similar  to  ths  BA-9  *  colonies,  and  were  characterized  by  low  activity  — 
they  contained  up  to  l.loB-l.lO?  corpuscles  per  ml.  The  phages  of  ths  third 


line  had  tha  form  of  negative  coloniea  with  a  clear  lysis  spot  surrounded 
by  a  tone  of  Incomplete  lysis  and  with  a  diameter  of  up  to  three  mm}  they 
also  proved  to  be  unstable  and  formed  colonies  of  the  first  two  types* 

A  comparison  of  the  morphology  of  negative  colonies  of  anthrax  bac¬ 
teriophages  permitted  separating  them  into  four  groups  (see  figure )t  l) 
the  negative  colonies  were  round  in  form,  with  smooth  edges  and  a  diameter 
of  up  to  five  m,  designated  as  c.l.  phages  (dear,  large)  and  corresponded 
to  the  Ivanovich  eg  group;  in  this  group  are  put  the  Jf ,  BA-9  ,  Saratov,  <*£ 
and  Iff  phages;  2)  the  negative  colonies  corresponded  In  form  to  phage  colo¬ 
nies  of  the  first  group,  but  their  diameter  did  not  exceed  one  sc;  this  group 
is  designated  as  o.s*  (dear,  small),  they  corresponded  to  the  Ivanovich 
C.S.y  phages;  the  second  line  of  the  BA-9  phage  is  classed  in  this  group  and 
is  colled  BA-90  •  s .  •  5)  the  negative  colonies  up  to  three  sc  in  diameter  dif¬ 
fered  markedly  from  the  colonies  of  the  first  two  groups  and  consisted  of  si 
distinct  center  surrounded  by  a  sons  of  incomplete  lysis;  this  phage  was 
named  "clear  with  peripheral  ring"  after  the  form  of  the  colonies;  in  this 
group  is  classed  the  third  line  of  the  BA-9  phage,  which  was  named  BA-9100  * 
and  ihich  corresponded  to  the  Ivanovich  Cr  group;  4)  the  negative  colonies 
were  characterised  by  two  forms,  of  thioh  one  corresponded  to  the  form  of 
the  Y  phage  negative  colonies  and  the  other  is  knom  la  the  literature  un¬ 
der  the  name  bull's-eye  ooloniss;  under  this  type  is  olassed  the  p  phage, 
which  consisted  of  mutants  of  the  two  phages  and  corresponded  to  the  Ivano¬ 
vich  tlcg  group. 

Of  the  biological  properties  of  bacteriophages  tha  sensitivity  to 
temperature  end  the  rate  of  adsorption  at  different  multiplicities  were 
studied.  All  the  bacteriophages  proved  to  be  highly  sensitive  up  to  56°,  ex¬ 
cept  the  AC  phage  (Table  1).  Obey  all  possessed  high  adsorptive  activity 
except  the  BA-91*10  phage  (Table  2). 

In  studying  the  reaction  of  bacteriophage  neutralisation  by  antiphage 
serums  an  antigen  kinship  was  ascertained  between  the  Y  and  BA-9  phages 
which  permitted  combining  them  into  a  single  antigen  group  (Table  S). 

The  antigen  activity  of  the  phages  differed  in  the  K  value.  The  most 
active  serums  are  obtained  for  tha  X  phage,  the  least  active  ones  for  the 
8A-9*»°  phage. 

The  f5 ,  dlC,  Saratov  and  Iff  phages  can  be  classed  in  the  other  group 
of  phage a.  These  phages  took  part  in  the  neutralisation  cross  reaction  with 
the  Saratov  and  In  antiphage  serums.  The  p  end  otc  phages  proved  to  be  low 
in  activity  for  obtaining  the  corresponding  antiphage  serums. 

The  results  obtained  on  the  activity  of  antiphage  serums  differed 
from  the  data  of  Lantoa  and  oocuthors.  These  authors  obtained  the  most  ac¬ 
tive  aerums  upon  Immunisation  by  phages  whioh  corresponded  In  the  morpholo¬ 
gy  of  the  negative  colonies  to  the  BA-9“°  phage  with  a  K  veins  equal  to 
215-225,  *ills  in  our  soqperlsmnts  the  serum  obtained  On  lamonisaticn  by  this 
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Thermal  Inactivation  of  Various  Bacteriophages  at  56° 


Inacti- 

Result  of 

Thorns!  Inactivation  of 

Phases 

vaticrn 

tine 

(in  min.) 

Inuax 

— 

X 

7 

i 

BA-9 

BA-9C'8* 

BA-oH  ft 

«C 

! 

Sara¬ 

tov 

15 

Percent  inactivation 
of  bacteriopnages 

95.2 

ICO 

99.5 

! 

97.7  j  94 

70 

■ 

97 

30 

98.4 

100 

99.4 

98.5  |  96 

95 

97 

15 

Inactivation  rate 
constant  (In  min~^) 

0.79 

0.76 

0.71 

■ 

O.oE 

0.41 

TABLE  2 


Adsorption  of  Various  Bacteriophages  on  the  Davis  Strain 


Phage 

Nunber  of  corpuscles 
oer  ml. 

Hulti- 
plici- 
.  tv 

10 

20 

50 

6.8  •  lo}® 

0.68 

98.3 

98.9 

99.7 

BA-9  * 

1.6  •  10*° 

1.6 

95 

96 

96 

BA-9C*** 

1.1  •  10® 

0.1 

80 

80 

BA-9*®0 

1.5  •  109 

0.3 

0 

0 

0 

P 

1.79  •  1011 

0.17 

97 

98.9 

98.9 

<*C 

5.3  •  10*0 

95.5 

96 

97.6 

Saratov 

5.3  •  1010 

99.2 

99.5 

97 

phage  is  less  active  than  for  the  phages  similar  to  the  ^  phage  in  morphol¬ 
ogy  (K  *  27  and  310  respectively). 

In  phages  haring  an  identical  morphology  of  the  negative  colonies, 
such  as  for  example  o  and  Saratov,  the  serological  cross  reaction  could  not 
be  observed,  which  probably  testified  to  differences  in  the  antigenlo  pro¬ 
perties  of  those  phages. 

Tor  the  purpose  of  testing  the  lytic  properties  50  anthrax  strains 
of  different  virulences,  which  were  isolated  from  the  soil  and  from  hides 
and  obtained  from  s  museum,  and  also  85  strains  of  spore-forming  aerobes 
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TABLE  3 


Neutralization  Cross  Reaction  of  Bacteriophages  with 
Antiphage  Serums 
(Neutralization  Bate  Constant) 


BA-9^ 

BA-9®*8* 

BA-Oi®® 

P 

Saratov 

*7 

310.0 

148 

176.6 

156 

0 

0 

0 

0 

BA-9 

129.7 

58 

112.8 

66 

0 

0 

0 

0 

BA-91®® 

127.5 

61.9 

75.5 

27 

0 

0 

0 

0 

Saratov 

0 

0 

0 

0 

169 

164 

262 

151 

*7 

0 

0 

-i  , 

0 

0 

252 

49 

156 

146 

1  were  studied.  Die  d  and  BA-9  phages  (Table  4)  hod  the  widest  spoctrun  of 

lytic  activity.  Under  the  action  of  the  BA-S^&o  phage  lysis  with  a  thin  semi- 
I  transparent  film  of  bacteria  growth  was  noted.  Die  remaining  bacteriophages 

|  —  ¥> ,  «-C  and  Saratov  —  did  not  cause  lysis  of  from  14  to  22  percent  of  the 

anthrax  strains.  Moreover,  these  phages  did  not  bring  about  non- spec if ic  ly¬ 
sis  of  the  strains  from  the  spore-bearing  aerobe  group,  while  under  the  in¬ 
fluence  of  the  #  and  BA-9  phages  from  3  to  8  percent  non-specific  reactions 
!  were  observed. 


TABLE  4 


Results  of  Phagosensitivity  of  Bac.  anthracis  and  Bac.  cereus 

to  Various  Phages 


Uicrobe 

species 

Total  no. 
of  cul¬ 
tures 

Behavior 

toward 

shaces 

BA-9 

BA-9®*8* 

BA-S1®® 

OkC 

Sara¬ 

tov 

Bac.  anthra¬ 
cis 

50 

Sensitive 

49 

50 

49 

49 

39 

39 

43 

Inaensi- 
.  tire 

■ 

!£iiH 

1 

_ 1 _ 

r 

ii 

H 

Bac.  cereus 

83 

Sensitive 

0 

6 

5 

n 

B 

D 

D 

Insensi¬ 

tive 

79 

77 

80 

76 

82 

82 

82 

ca;cujsic::s 


^  A  study  of  the  morphology  of  negative  colonies  of  various  anthrax 
bacteriophages  shoved  that  according  to  morphology  the  negative  colonies  of 
anthrax  bacteriophage#  included  all  the  known  types  described  in  other  bac¬ 
teriophages. 

"2?  On  the  basis  of  the  study  of  the  antigenic  .properties  the  anthrax 
bacteriophages  can  be  divided  into  two  groups:  the  V  (Brown  and  Cherry) 
and  BA-9  (Moldavian  Institute  of  Epidemiology  and  Hygiene)  bacteriophages 
should  be  classed  in  one  group;  in  the  other  group  —  the  »•  C,  R(.'.icCloy), 
lq  (Steam tin)  and  Saratov  bacteriophages.  ' 

5*  Separation  of  the  anthrax  bacteriophages  studied  into  two  groups 
corresponded  to  their  lytic  properties.  Phages  belonging  to  the  first  group 
had  a  wider  lytic  spectrum,  not  only  with  respect  to  homologous  microorgan¬ 
isms  but  also  with  respect  to  3ac.  cereus. 

i.  For  the  purpose  of  Increasing  the  specificity  of  the  phegolysis 
test  for  identification  of  anthrax  cultures  one  should  at  present  simultan¬ 
eously  use  ow+h-ry  bacteriophages  belonging  to  different  antigen  groups, 
for  ereaple  BA-9£  end  Saratov,  or  Jf  and  «4C  bacteriophages. 
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